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Much attention has been given to the role of the niche in controlling stem cell maintenance and differentiation.
However, cells other than niche cells might direct stem cell behavior. Evidence from theDrosophila reproduc-
tive system suggests that this is the case.
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stem cells, germline stem cells (GSCs)
and the somatic cyst progenitor cells
(CPCs), cluster around their niche in the
testis: a group of nondividing cells termed
the hub (Figure 1). The hub serves as
a docking site for GSCs and CPCs (Yama-
shita et al., 2003). It also produces Un-
paired (Upd), the Drosophila ligand for
the JAK/STAT pathway. GSCs require
STAT activation for their maintenance
(Kiger et al., 2001; Tulina and Matunis,
2001). The close proximity of somatic
and germline stem cells to each other
and to their shared niche underscores
a physiological necessity. Sperm contains
both germline and somatic components.
These arise continually throughout the
lifetime of the male from GSCs and
CPCs, respectively. To maintain correct
spermatogenesis the maintenance, divi-
sion and differentiation of GSCs and
CPCs need to be coordinated. A new pa-
per published in the July issue of Cell
Stem Cell by Leatherman and DiNardo
(2008) adds to our understanding of how
the three groups of cells at the tip of the
testis: hub, GSCs, and CPCs, might
achieve such coordination.
Leatherman and DiNardo (2008) show
that STAT activation within CPCs is re-
quired for their maintenance. One level
of coordination at the testis tip is achieved
therefore by a single factor maintaining
both types of stem cells. In female flies,
Decapentaplegic, a BMP2/4 homolog, is
produced by cells of the niche. It is re-
quired both for GSC maintenance and
for their correct rate of division (Xie and
Spradling, 1998). Whether STAT signaling
specifies the division rate of GSCs and
CPCs in the male is still unknown. Shared
cell cycle control could be one means
of ensuring coordination between thesomatic and germ line components of
sperm.
The DiNardo group has previously iden-
tified the transcriptional repressor Zfh-1
as a possible target of STAT signaling
(Terry et al., 2006). They now show that
Zfh-1 is highly expressed in CPCs, and
its level declines as CPCs differentiate.
Whether Zfh-1 is a direct target of STAT
signaling is still unknown. However,
Zfh-1 mutant CPCs differentiate rapidly,
suggesting the protein is required for
CPC maintenance. Being a transcriptional
repressor, Zfh-1 might function within
CPCs to repress target genes that are re-
quired for CPC differentiation. Uncovering
Zfh-1 targets will provide us with the
much-needed knowledge of the somatic
differentiation machinery.
Perhaps the most striking finding of
Leatherman and DiNardo (2008) is that
GSCs depend on CPCs, or the CPC
daughter cells, for their normal function.
The authors found that when Zfh-1 ex-
pression is artificially maintained in CPC
descendents, they cannot differentiate.
These cells continue dividing and fill
a large portion of the testis, well beyond
their normal location. Accumulation of
CPCs is accompanied by an accumula-
tion of GSCs, which cannot differentiate
either. By expressing an activated form
of the JAK kinase, specifically in either so-
matic cells or in germ cells, the authors
showed that STAT activation in CPCs is
required for the aberrant accumulation of
both somatic and germline stem cells.
STAT activation within GSCs could not re-
press the differentiation of neither GSCs
nor CPCs.
What do these experiments teach us of
the events occurring normally at the testis
tip? Two models may fit the experimental
results. The first assigns the interactionsbetween the somatic and germline com-
ponents of sperm to the stem cell com-
partment (Figure 1A); the second views
them as occurring between the differenti-
ating daughter cells (Figure 1B).
In the first scenario, in addition to STAT
signaling, GSCs require an unidentified
factor emanating from CPCs for their
maintenance. Production of this factor
might be directly or indirectly controlled
by Zfh-1. Continual expression of Zfh-1 or
ectopic STAT activation in CPC daughter
cells results in an inability of CPCs to
differentiate, continual expression of the
factor, and an accumulation of GSCs.
One hypothesis arising from this interpre-
tation is that GSC maintenance does not
solely depend on the hub but is shared
with another cell type (CPCs). A similar sit-
uation occurs in female flies, where GSC
maintenance depends on STAT signaling
within the somatic escort cells (Decotto
and Spradling, 2005).
A second interpretation of the experi-
mental results is that the interactions
between the somatic and the germline
components occur not at the stem cell
level, but at the differentiating daughter
cell level. This interpretation stipulates
that GSC differentiation is dependent on
CPC differentiation. Upon wild-type stem
cell division, STAT signaling within the
CPC daughter cells is reduced, leading
to CPC differentiation and a reduction in
Zfh-1 levels. Differentiating CPCs then
produce a factor required for GSC differ-
entiation. In cases where CPC differentia-
tion cannot occur (i.e., when activated
JAK or Zfh-1 are expressed in the CPC
daughter cells), GSC differentiation is
also prevented. Indeed, previous studies
have already shown that GSC differentia-
tion requires an EGFR-dependent signal
originating from the encapsulating
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Germline stem cells (GSCs, dark blue) and cyst progenitor cells (CPCs, dark green) are attached to their niche (the hub). Hub cells secrete Unpaired (Upd, maroon
arrows), which maintains both groups of stem cells. Zfh-1 is expressed in CPCs and is required for their maintenance. GSCs and CPCs divide asymmetrically. The
daughter cells that are removed from the niche differentiate (double-headed arrows).
(A) In addition to Upd from the hub, CPCs may also secrete a factor required for GSC maintenance. This factor may or may not be controlled directly by Zfh-1
(broken arrow).
(B) GSC differentiation depends on CPC differentiation. At the niche, Zfh-1 acts to repress CPC differentiation and may repress (directly or indirectly) the pro-
duction of a factor that is required for GSC differentiation (yellow star). Upon CPC differentiation, release of the factor allows GSC differentiation (arrow).somatic cells (Kiger et al., 2000; Tran
et al., 2000). Whether, and how, EGFR
signaling relates to Zfh-1 and STAT
signaling is currently unknown.
One way to distinguish between these
possibilities is to reduce Zfh-1 or STAT
signaling specifically in all CPC cells. Ac-
cording to the first model, differentiation
of all CPCs will promote the differentiation
of GSCs, leaving an empty niche. If the
second model is correct, differentiation
of CPCs might result in a niche occupied
by GSCs only and in an accumulation of
their undifferentiated daughter cells.
Compared with some mammalian stem
cell units (a stem cell incorporated in its
niche), theDrosophila testis tip represents
a simplified version: a hub, two types of
stem cells, and a sheath that covers
them. Even such a simple environment
holds the potential for many important in-
teractions. The niche affects both types of6 Developmental Cell 15, July 2008 ª2008 Estem cells GSCs. Might also require CPCs
for their maintenance. Other interactions,
with the overlying sheath, GSCs affecting
CPCs, or both affecting the niche, have
not yet been found. The close proximity
of the cells and their common function
suggest that they occur. The unit could
also be affected by physiological and hor-
monal stimuli.
While a model depicting the niche at the
top of a pyramid, controlling and coordi-
nating the attached stem cells is appeal-
ing, it is probably not accurate. The testis
tip and, by analogy, other stem cell units,
are likely sharing the power of control. The
challenges for all who study these com-
plex systems are charting the partici-
pants, the interactions between them,
how these affect the stem cells and their
daughter cells molecularly, and above
all, how these webs of controls underlie
the physiology and function of organs.lsevier Inc.REFERENCES
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